Physical exercise induces widespread neurobiological adaptations and improves learning and memory. Most research in this field has focused on hippocampus-based spatial tasks and changes in brain-derived neurotrophic factor (BDNF) as a putative substrate underlying exercise-induced cognitive improvements. Chronic exercise can also be anxiolytic and causes adaptive changes in stress-reactivity. The present study employed a perirhinal cortex-dependent object recognition task as well as the elevated plus maze to directly test for interactions between the cognitive and anxiolytic effects of exercise in male Long Evans rats. Hippocampal and perirhinal cortex tissue was collected to determine whether the relationship between BDNF and cognitive performance extends to this non-spatial and non-hippocampal-dependent task. We also examined whether the cognitive improvements persisted once the exercise regimen was terminated. Our data indicate that 4 weeks of voluntary exercise every-other-day improved object recognition memory. Importantly, BDNF expression in the perirhinal cortex of exercising rats was strongly correlated with object recognition memory. Exercise also decreased anxiety-like behavior, however there was no evidence to support a relationship between anxiety-like behavior and performance on the novel object recognition task. There was a trend for a negative relationship between anxiety-like behavior and hippocampal BDNF. Neither the cognitive improvements nor the relationship between cognitive function and perirhinal BDNF levels persisted after 2 weeks of inactivity. These are the first data demonstrating that region-specific changes in BDNF protein levels are correlated with exercise-induced improvements in non-spatial memory, mediated by structures outside the hippocampus and are consistent with the theory that, with regard to object recognition, the anxiolytic and cognitive effects of exercise may be mediated through separable mechanisms.
Introduction
Physical exercise induces widespread neurobiological adaptations and has been shown to improve learning and memory in several tasks (Dishman et al., 2006) . In rodents, physical exercise increases neurogenesis, facilitates long-term potentiation and enhances synaptic plasticity and metabolic function in the hippocampus (Bjørnebekk, Mathé, & Brené, 2005; Ding, Vaynman, Akhavan, Ying, & Gomez-Pinilla, 2006; Ding, Vaynman, Souda, Whitelegge, & Gomez-Pinilla, 2006; Vaynman, Ying, & Gomez-Pinilla, 2003; Vaynman, Ying, Wu, & Gomez-Pinilla, 2006) . The tasks used to determine the functional significance of these changes have primarily tested spatial cognition and rely on hippocampal function, such as the Morris water maze (Adlard, Perreau, Engessar-Cesar, & Cotman, 2004; Albeck, Sano, Prewitt, & Dalton, 2006) . From these studies, brain-derived neurotrophic factor (BDNF) has emerged as a putative substrate converting exercise-induced adaptations in energy metabolism into the neuroplastic changes thought to underlie improvements in cognitive function (Dishman et al., 2006) . In fact, exercise-induced increases in hippocampal BDNF are necessary for improvements in the Morris water maze (Vaynman, Ying, & Gomez-Pinilla, 2004) .
Physical exercise can also improve performance on non-spatial tasks that rely on other structures, including associative learning tasks (Burghardt, Pasumarthi, Wilson, & Fadel, 2006; Eisenstein & Holmes, 2007; Falls, Fox, & MacAulay, 2010; Van Hoomissen, Holmes, & Zellner, 2004) and object recognition (Fahey, Barlow, Day, & O'Mara, 2008; Griffin, Bechara, Birch, & Kelly, 2009; O'Callaghan, Ohle, & Kelly, 2007) . For example, novel object recognition is mediated by the perirhinal cortex and can be designed such that hippocampal lesions have no effect on performance (Dere, Huston, & De Souza-Silva, 2007) . To date, there has been very little research on the mechanisms that underlie exercise-induced improvements in tasks that do not test spatial cognition or rely on hippocampal function. Although there is evidence that forced physical exercise
